This article involves the site specific determination of an outdoor path loss model and Signal penetration level in some selected modern residential and office apartments in Ogbomosho, Oyo State. Measurements of signal strength and its associated location parameters referenced globally were carried out. Propagation path loss characteristics of Ogbomosho were investigated using three different locations with distinctively different yet modern building materials. Consequently, received signal strength (RSS) was measured at a distance d in meters, from appropriate base stations for various environments investigated. The data were analyzed to determine the propagation path loss exponent, signal penetration level and path loss characteristics. From calculations, the average building penetration losses were, 5.93dBm, 6.40dBm and 6.1dBm Akpaida et al.; JERR, 1(2): 1-25, 2018; Article no.JERR.41659 2 outside the hollow blocks B1, solid blocks B2 and hollow blocks mixed with pre cast asbestos B3, buildings respectively with a corresponding path loss exponent values of, 3.77, 3.80 and 3.63. Models were developed and validated, and used to predict the received power inside specific buildings. Moreover, the propagation models developed for the different building types can be used to predict the respective signal level within the building types, once the transmitter -receiver distance is known. The readings obtained from the developed models were compared with both the measured values and values computed using some existing models with satisfactory results obtained.
INTRODUCTION
Path loss or path attenuation is the reduction in power density (attenuation) of an electromagnetic wave as it propagates through space. Path loss is a major component in the analysis and design of the link budget of a telecommunication system.
The term is commonly used in wireless communications and signal propagation. Path loss may be due to many effects, such as freespace loss, refraction, diffraction, reflection, aperture-medium coupling loss and absorption. Path loss is also influenced by terrain, contours, environment (urban or rural, vegetation and foliage), propagation medium (dry or moist air), the distance between the transmitter and the receiver, and the height and location of the antennas [1] [2] [3] [4] [5] .
Path loss normally includes propagation losses caused by the natural expansion of the radio wave front in free space (which usually takes the shape of an ever-increasing sphere), absorption losses (sometimes called penetration losses), when the signal passes through media not transparent to electromagnetic waves, diffraction losses when part of the radio wave front is obstructed by an opaque obstacle, and losses caused by other phenomena [6] [7] [8] [9] 10] .
The signal radiated by a transmitter may also travel along many different paths to a receiver simultaneously; this effect is called multipath. Multipath waves combine at the receiver antenna, resulting in a received signal that may vary widely, depending on the distribution of the intensity and relative propagation time of the waves and bandwidth of the transmitted signal. The total power of interfering waves in a Rayleigh fading scenario varies quickly as a function of space (which is known as a smallscale fading). Small-scale fading refers to the rapid changes in radio signal amplitude in a short period of time or travel distance.
Path Loss Experiment
In wireless communication studies, path loss is represented by the path loss exponent, whose value is normally in the range of 2 to 4, where 2 is for propagation in free space, 4 is for relatively lossy environments and for the case of full specula reflection from the earth surface referred to as the flat earth model. In some environments, the path loss exponent can reach values in the range of 4 to 6. On the other hand, a tunnel may act as a waveguide, resulting in a path loss exponent less than 2.
Path loss is usually expressed in dB. In its simplest form, the path loss can be calculated using the formula. L = 10 n log ( ) + C
Where L is the path loss in decibels, n is the path loss exponent, d is the distance between the transmitter and the receiver, usually measured in meters, and C is a constant which account for system losses.
The value of C usually varies and is normally dependent on the type of modeling under consideration. A list of typical path loss exponents obtained in various mobile environments is shown in Table 1 .
Study Area
The study area is the suburban area of Ogbomoso of Edo State, Nigeria. The investigated buildings shall be solid block and hollow block bungalows as well as a building with hollow block along with pre-cast asbestos materials used for partitioning of the rooms/offices. These are the prevalent type of 
METHODS
The study was performed using the following equipments; 2 Samsung S6 android phones, Network Signal Info Pro (Kabiit Software), Standalone Inverter, A pair of AIRTEL, GLO and MTN sim cards and a 100 Meters Measuring Tape. The Network Signal Info Pro' was installed in the 2 Samsung S6 Android phones, It consists of Global Positioning System (GPS) application capable of giving the geographical position of the mobile phone and a scale capable of giving accurate numerical value of the received signal strength indication in dBm. A 1.1 inverter enables the mobile phones to be recharged when necessary. Below is a diagram showing a description of the measurement set-up.
Measurements of the sites were made up of the following; Building B1 (6 bedroom bungalow Measurements of the sites were made up of the following; Building B1 (6 bedroom bungalowhollow blocks building), Building B2 (10 bedroom bungalow-solid blocks building) and Building B3 (14 -room office block, hollow blocks building with pre -cast asbestos partitioning). Table 2 gives a list of the houses used for the study and a brief description of construction and layout. The site and construction information for each of the buildings, that may have effect on the propagation of waves were carefully taken into consideration.
Three of the existing GSM operators, ETISALAT, GLO and MTN referred to in this work as Operator E, Operator G and Operator M respectively, were used for the investigation. Measurements were carried out within a period of twenty two months. Measurements were taken at evenly spaced pre -determined points along the side walls of each of the site outside. The inside measurements were taken at pre determined points after dividing the buildings into cells with all doors and windows closed, which represents worst case indoor conditions. All measurements were taken in active Path Loss Exponent, n hollow blocks building), Building B2 (10 bedroom solid blocks building) and Building B3 room office block, hollow blocks building cast asbestos partitioning). Table 2 gives a list of the houses used for the study and iption of construction and layout. The site and construction information for each of the buildings, that may have effect on the propagation of waves were carefully taken into Three of the existing GSM operators, ETISALAT, ed to in this work as Operator E, Operator G and Operator M respectively, were used for the investigation. Measurements were carried out within a period of twenty two months. Measurements were taken determined points along alls of each of the site outside. The inside measurements were taken at predetermined points after dividing the buildings into cells with all doors and windows closed, which represents worst case indoor conditions. All measurements were taken in active mode. 
The reference path loss, ( ) is given as
For operator A, the operating frequency= 2412 MHz, the wavelength is then calculated from 
The path loss exponent, n, may then be computed as 
The path loss exponents for all other locations were subsequently computed from equation (17), with the aid of Microsoft Excel. The flowchart for the program is as shown in Appendix 1, 2, 3.
Similarly, for operator G, the operating frequency is 2412 MHz. the wavelength was calculated from equation 3.8 as:- 
The path loss exponent, n, may then be computed as
The mean average measured signal outside buildings, B1, B2 and B3 are -83.5461 dBm, 94.4865 and 87.9589 dBm respectively.
Mean PL 0 fornB1 = -83.5461 dBm.
Average distance d =1570 m, hence,
The path loss exponents for all other locations were subsequently computed from equation (18), with the aid of Microsoft Excel. The flowchart for the program is as shown in Appendix 1.
Finally, for operator M, the operating frequency is 2437 MHz. the wavelength was calculated from equation 3.8 as:-
It therefore follows that,
Hence, equation 3.6 becomes,
The mean average measured signal outside buildings, B1, B2 and B3 are -71.0158 dBm, 69.4811 and 84.4615 dBm respectively.
Mean PL 0 fornB1 = -71.0158 dBm.
Average distance d = 906 m, hence,
The path loss exponents for all other locations were subsequently computed from equation (16), with the aid of Microsoft Excel. 
where ABL = Average Building Loss.
The average path loss levels in B1 using operator A Sim (Etisalat) are as given in Table  16 , where PL O = -80.619 dBm and PL I = -85.72 dBm.
The penetration loss of other two buildings, B1 and B2 were also calculated with equation (20) , using Microsoft Excel. The results are as presented in Tables 16 to 18. The average values of penetration loss for the three buildings are as detailed in Table 19 . 
Hence, the theoretical path loss may be written as:-
With 
The theoretical path loss values at various distances were computed using equation (21) with the aid of Microsoft Excel. 
Comparison between measured and theoretical path loss outside the buildings
The mean of the average path loss values obtained from measurement and theoretical computation are as presented in Tables 20 to 22 . The percentage difference between the measured and theoretical path loss outside the buildings were also computed as indicated.
Development of model equation for path loss in Ogbomosho
A careful study of Tables 30, 31 and 32 which represents the comparison for operators E, G and M Sims, indicated that for Building types B1, B2 and B3, the measured path loss values are lower than the theoretically computed values at all locations. It therefore becomes necessary to develop a model which will be consequently be used to determine expected signal levels at required locations. The model will be developed to satisfy the condition, PL O < PL I ,
In this work the path loss exponent for all locations lies between 3.5 and 4, the mean value of the entire path loss exponent is as computed in Table 15 , with a value of 3.5 adopted for the model.
Recall that the measured path loss in Ekpoma may be expressed as:- 
Values of V were computed from equation (23) for the different buildings as shown in Tables 33  to 35 . 
Calculation of V (modeled loss constant) for each of the locations for the Study period
Plotting the graph of Tables 33 to 35 
Computation of path loss outside the various buildings using Generated model
The values of the path loss outside the buildings B1, B2, B3 computed from the generated model are shown in Tables 39 to 40 . 
Comparison between Path Loss Values outside the various buildings from measurement and generated model
Values of path loss obtained from measurement and those obtained from the generated model are as shown in Tables 35 to 37 .
RESULTS AND DISCUSSION

Path Loss Exponent
The average values of path loss exponent outside the buildings B1, B2 and B3 in Ogbomosho were summarized in Table 15 . The least value of 3.521 was obtained outside building B3, where the building density of the area is relatively low while the highest value of 3.877 was obtained outside building B2, solid block building where the buildings were relatively clustered together, with no proper planning and layout. Also, the value of n for building B1 for operator G was 3.802, which is also high. This might be attributable to the effect of perimeter at the location.
Generally, the values of path loss exponent are in agreement with theoretical values of between 3 and 5, for such environments. These also agree with the value of 3.84 for suburban areas in Lees work (Adenike, 2010; Idim & Anyasi, 2014).
Building Penetration Loss
The building penetration losses for buildings B1, B2, B3 are compared in Fig. 3 . Building B2, with hollow block structure has the lowest value of 5.1, while building B2 has the highest value of 6.6. these values attests to the fact that the type of construction materials affects GSM signal levels inside buildings (Caluyo, Cruz, 2011).
The penetration loss of 6.7 dBm obtained for the block wall under consideration is a bit lower than 8.33 dBm earlier reported by researchers in Ekpoma environ (Anyasi, Yesufu, Akpaida, Evbogbai and Erua). The difference may be attributable to the varying degree of quality of block used for the construction as well as the size of windows plus other differences in measurement conditions. Generally, the results are in agreement with earlier researchers opinion that, penetration loss decreases with increase in frequency.
Earlier researches were based on f = 1800 MHz, while the current research indicated that the frequency measured for GLO and AIRTEL is 2412 MHz, while that for MTN network is 2437 MHz.
It is also important to note that the value of penetration loss of a building depends on the point at which the signal is measured. In this work outside measurement were taken by the closest points to the wall, and the average taken Figs. 3, while the inside measurements.
The penetration loss of 6.7 dBm obtained for the block wall under consideration is a bit lower than 8.33 dBm earlier reported by researchers in Ekpoma environ (Anyasi, Yesufu, Akpaida, Evbogbai and Erua). The difference may be attributable to the varying degree of quality of block used for the construction as well as the size of windows plus other differences in measurement conditions. Generally, the results are in agreement with earlier researchers opinion that, penetration loss decreases with increase in frequency. Earlier researches were based on f = 1800 MHz, while the current research indicated that the frequency measured for GLO and ETISALAT is 2412 MHz, while that for MTN network is 2437 MHz It is also important to note that the value of penetration loss of a building depends on the point at which the signal is measured. In this work outside measurement were taken by the closest points to the wall, and the average taken, while the inside measurements were taken at three different points along a straight line inside the building and the average taken.
Generated Outdoor Path Loss Model
The generated outdoor path loss model, equation (36) Fig. 5 for the Etisalat, Glo and the MTN Sims respectively. The path losses for operators E and G are 4.58dBm/decade and 1.58dBm/decade higher than the theoretical log -distance path loss model, while the path loss for operator M is 38.99dB/decade with a 1.01 dB/decade lower than the theoretical model. 
CONCLUSION
Path loss values at three locations have been measured using the signals of three out of the five existing GSM networks, namely AIRTEL, GLO and MTN NETWORKS, acronym Operator A Sim, Operator M Sim and Operator G Sim respectively. The values obtained were used to generate models that maybe used to calculate the path loss at locations similar to the studied buildings.
The ITU indoor path loss model was also to generate a model that was then compared with the log normal model earlier developed, comparison were made to validate the ITU indoor path loss model as a standard model to be employed for indoor calculations.
Previous literatures in the field of GSM and radio wave propagation were examined and the three propagation mechanisms were confirmed to be reflection, diffraction and scattering. From the investigation of the received signal strength as monitored for Operators A, G and M and the corresponding path loss exponent at the locations of Buildings B1, B2 and B3, the following conclusions were drawn.
1. The path loss of GSM signals increase with distance from the base station, which is in consonance with log-distance path loss models and other existing models. 2. The building penetration loss, ABL, accounts for the increase in attenuation of the received signal when the measurement device is moved from outdoor to indoor. 3. The penetration loss is a function of the building materials and the content of the building. The penetration loss of a crowded building, or buildings well-furnished will have a higher penetration loss than an empty building. 4. The average penetration loss of 5.929dBm, 6.404dBm and 6.102dBm were obtained for buildings B1, B2 and B3 respectively. 5. The path loss exponent values of 3.733, 3.763 and 3.678 obtained from he measurement outside the buildings B1, B2 and B3, respectively in Ekpoma fll within the theoretical range of 3 to 5 for suburban areas. 6. The ITU indoor path loss model was also validated. 7. The outdoor and indoor path loss equations are important as they will be useful to wireless operators for sitespecific planning and deployment in areas similar to Ekpoma. 8. With the generated model equations, path loss at any distance of interest can be calculated, and the corresponding signal quqlity at every point can therefore be estimated. 9. This will aid the GSM providers to know where to locate the base stations and how far the signals from such stations will get to, which will in turn help to improve indoor signal quality.
RECOMMENDATION
In this research work, three buildings at three arbitrary locations were chsen. The value of path loss exponent obtained is in consonance with research findings at similar locations as published by some other authors (Adenike, 2010; Isobona and Konyeha, 2013; Idim and Anyasi, 2014 ).
The generated model is dependent on the density of buildings. It is thus important to use the correct value of building cluster factor when using the generated model to calculate oath loss. In addition to the building clutter factor which also affects the indoor model, the correct value of the building penetration loss should be used when calculating path loss.
Models for indoor field strength prediction based on uniform theory of diffraction (UTD) and are encouraged. Detailed information of the building structure is necessary for the calculation of the indoor field strength. These models combine empirical elements with the theoretical electromagnetic approach of UTD. Bu including reflected and diffracted rays, the path loss prediction accuracy is significantly improved.
APPLICATION OF THE MODELS
The results obtained in this work is going to be very useful for GSM providers before future sitespecific planning and installation of any base station in Ekpoma environs or other locations similar to the ones other review.
It will also be very useful to researches in the area of site-specific planning as a handy information, guide and a reference material.
Finally, it will go a long way in reducing outages if well applied, especially for subscribers who use their mobile devices within building premises
